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Quality Assurance for High Dose Rate Brachytherapy

Dong Wan Bang - Chung Hee Cho - Jae Il Park

Dept. of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine

Accurate delivery of doses using a high dose rate(HDR) brachytherapy, remote afterloading
system(RALS) depends on knowing the strength of the radioactive source at the time of treatment,
the precision and consistency of the timer, and the ability of the unit to position the source at the
proper dwell location along the applicator.  Periodic Quality Assurance(QA) on HDR machines is a

. part of the standard protocol of any user.

The safety of the patient & staff, positional accuracy, temporal accuracy, and dose delivery
accuracy are periodically(weekly, quarterly, monthly) estimated using HDR source(Ir-192), treatment
planning devices, measurement devices, and overall treatment devices with regard to treatment
delivery.

The overall measurement results are estimated successfully and assessed its clinical significance.
As a result, our HDR brachytherapy units has been very accurate until now.

The QA program protocol permits routine clinical use and provides a high confidence level in the
accurate operation of HDR units. Therefore, regular QA of HDR brachytherapy is essential for
successful treatment,

Key word : HDR brachytherapy, RALS, QA, QA program
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1. 498y o 7+

* Remote Afterloading System(Gammamed
12i, HDR Ir-192 )

» C-arm System(Toshiba)

+ Applicator(Manchester, New-Fletcher type)

* AM-6 program & Dosimeter(PTW-FREI
BURG 9111/K, 9112/K)

* Farmer type ion chamber(PTW M23323
0.1cc)

* Electrometer(PTW DL/DI 4)

» Survey meter, Alarming digital dosimeter

* Film(Kodak X-omat V)

* Source step viewer

* Source dwell position check device

* Source curvature check device

« Wire plate of badug-plate type

» Stopwatch
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Table 1. Weekly quality assurance tests for a remote afterloading facility.

299=

EEREE

ARAQY AAY 7T *Agu g AEAY AFEY A, AT factor #<l
* Simulation® 259 Al2¥ 5 <l
- Aol (source ejection & source retraction)
- Bol BA¥E
* X84 indicator lights B AHeolF43 715 &4

* X-ray A 2 44 A2"9] 75 WA

#=/F Az kA *EwE A% #34

- Interlock (door interlock, ¥4 S/W)
- ZAAA (audio/visual communication system)
- 2&% A indicator lights ¥ alarm
- Area radiation monitor

R R a2 B I
- FAEFAA7|IF (forceps, BE)
- A94Y handling 717
- Survey meter, Alarming dosimeter

AAEH Fv) * Applicator (3, Ael) &<

[}
Transfer tube (%, =) &<

Accessory {(dummy source, marker, dye) &<l
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Table 2. Monthly quality assurance tests for a remote afterloading facility.
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Fig. 1. Source dwell position check using source
dwell position check device & X-ray film
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Fig. 2. Source step viewer (length tester)
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Fig. 3. Source curvature check using source
curvature check device

MA ZEdted 4 EAHH ATOR UFo
Z0H I A99 o548 ¢A B¢ 1 &
AH HELLA HE 26cm/secE AT

(2) A% FIL
O© 71Ed9 AFgA

2o A5 A BAF7N A 71FH (re -
ference point)el Aol MFFAE ¢ st 1 7]
FAd U v AR AFPREH} AR F
Aoty QL AFgro]l dAseEAE Lolr7]
95kl bladders} rectum® 7| Mo W3 HF
ol AM-6 T2y 2 dAH 744 (8cm)
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12x125cm’ #719] &% #AAP polystyrene
phantom& o} &3td A3t .
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Fig. 4. Geometrical diagram for AM-6 dosimetry set-up
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o] ARE3t polystyrene phantoms AFE-3FR .01,
o]28 AYZR(PTW M23323 0.lcc, Farmer-
type ion chamber)S XA ¥ phantom? 9
Adstz Ixeg RH 8ecm "X XA E
o AdE& AAAA 587 33
gth(cGym®/h)& Z3stsith.

SAANZE Aol FAHHY ELY Yt
= ¢ FAEHe AFE ZET time edge
effect®t o3 714 0;‘(}7‘:;— Hast A7171 AE
Al Z(sec) THETDE E(min) @99 0 A
o g F3%A

2 Ago AHEE WA A(HDR, Ir-192)2
solid pellet typegl metal2A A7 0.6mm, 4 9]

kerma stren -

35mmol1, AYE AT Y& capsule A
1.1lmm, o] 5.1mm«] APe g Hojqdth

F71A &S olEstyg ALsdE &
kig=

AZA FAS FAFgRe] 11.7CIY o 37
Auk& g 4779 mGym*/hgdth. o < 10Ci
o 71ZXN 2 vFW 4084 mGym’/h7t Bk

40.84 mGym®/h = 4.0846 cGym®/h = 680.769

cGycmz/min

Air kerma rate(Nk)

". Nk = 680.769/0.876 = 777.134 Rcm®/min
A (Ir-1929] f = 0.971),

= 777.134 Rem®/min X 0971

= 754.597cGycm®/min

= (754.597/8") x 0967 = 11.4 cGy/min

D = (AXfXT/d*) X WAR B4 & £33,

A = 10Ci

f=0971 cGy/R

I' = 0466 Rm*/h-Ci

d = 0.08m(8cm)

WAR = 0967

D = (10X 0.466 X 0.971/0.08%) x 0,967
= 683.68 cGy/h = 11.4 ¢Gy/min

o719 A De SAHAANMY FFHAFE(cGy
/h), A= 1r-1929] "9AFE(Ci), f£ roentgen-to
-absorbed dose ¥AF2IRH(Ir-192, 380KeV), d&

EE

Adeziy SAANAY Af(m), T @
H’\] 7H- oA G WAS & roentgenl B EAF
qF= <Aoln, WARS water air ratio2A
Meisberg & 4]0t}

AxE EAH3 AF HZ(ion chamber) &
o] &3t P 2AZS v W3] 3t HA A
¥=4 HAZMN standard calibration checks ¢
3 Sr-90 Ao Eosle AAAZIY F4Eo
Ags Aez2E A4YU3L electrometer(PTW DL
/DI 4)E o)&3le yASYT 1 ¥AHY AYx
E polystyrene phantom®] A% % Eol Adet

X, 8em Holz ARH A AL AYAD
% 587 33 A8 A H(Fig. 5) 1 X4 9
29z HWYE +3% 2 sk
® Timer Al7HEA
AR ABAIZE AFEA Xli’\] 7+e U
Bl = Eoldrt AFAAE Al A
stopwatchE o] &3td ZAsHYG 1 ZAAZ

2 Aol AAAAIZRE Fdstd AP
applicator 1] 3 WA AFYA ) T3 X
A% ¢7HEH ]3}3}‘11 A # vpA Y cha-
nnel® s AFQXGN g7t B2 Bt
AZE FAFAG. 1 AR sLLA
HAE £2%2 AT

(3) AR (BA/FAIA HA)
BR8N AgdH AF7EANE Fobr

Fig. 5. Experimental set-up for kerma mea--
surement
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A A94Y handling”) +& o] 4% FEUY T
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(4) Applicator®} Accessory &7
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o] AA AHE THEd AFS HEdH £¥E ¥
AT 71 &3t} 2 ; AL Z A% applicator
o WY, 24 = BFY3 Aoz 7 2

.7 9 AHE FA Transfer tube
o Lgely %3, mdAR 52 Hlg =
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o SAFAS PP E9AYL applicator
assembly S F3 £ AY7t € £ Y= HE
d Ee g2 g A3 g

(5) X-ray ]

A FAAEHS 7eH AFAHE %
ot ol dAe da3AF scalerd #H
F gl dABEAY 7S Qs
o 949 483 AEHE uE#e] wie ul
EH(AA A )& ol &3y FEAGNA EYE
28300 YeElt wired vlEW WIS B
%49 4183 AHE 2B Scalerd
A 2 &L A scaler plated A3

e AU g X-rayg FAAA vEd 2

do o2
UK=Y

(o)

B R o

£749 scaled FA = Wyol AUtk

H2xe sidEs 553 A2E high con-
trast resolution phantomS o]&3te] FAjstwA
S g3y A

3) ¥718 23 A8 A=Y
2718 A= 38 (quarterly QA)Y 78L& 3
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2L ALY 2ol He WErt 5] i
AXHAT, £71¥ F=dy A HYZA
2 A% @) 5B A5E49 S50 o
AE ol Ut

ALXA F A2 A2 X W 2
AP AZAJATE AFF decay tableo] e
W AP E R factorgt e #AE I, YA
=3 £Y3 g g §F2AX(Kerma) s
BH2eY, AFE X-ray 5L ol &89
fo] Z2IYE AFHARY Ao AzEF
ARE AA o s F2 =4 gl

a3 dAAYolst 34 HNY9 =& 49
o FAHE FLEF 9L Fdse NAFA
2% 3% PC board, batteries 5o 73t}

eo e oA N

m. 2 s

1) ¥9 23A89 A=H4
@ Aty 2" J)F

F AdAFE F8 Fxde MR 71RA
ojAME FQ3 AAEoIAT ANsFH Y A
EAY AFEH W] Y4s FFse A,
A7}, decay factor 2 25 A#3A ddEF
o] AlEAU}E RYAEE AAGHEA A7
A" A5 8As 3t FAKY AHolgd A
2 9 AUt AAHeR FERon, gol
o GA Ao APHAUY ABAHE &
2]+ indicator lights 2 AYelFAIE 7%k
ol AUtk X-ray9 FA 2 G4 A&
g9 7]%2 FFH Rando phantom& FAsH
Al st ool fl&E FAdAT
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@ #A/EAR LA
2 F FAAY] HAE Y% kAR H
AdMez GAZREY ]% | &ut2 FFo
HEAE gotR7] 4 A2 ZA door inter -
lock 3} #] 4+ switch 9} 7,5% interlock %], audio/
visual communication system¢ ZA#AA|, AF
ool 0 &AFA YelYE indicator lights ¥
alarm, AAZ Aol MYAAIANN ANRE
Asl Ao &HE HA=EAE A EE
area radiation monitor 59 AAF 9l S ol
At v]AdA] o]&7ted AAAH A forceps,
g5 22 °M4£17"15<l7]‘?§ "B]ﬁ}?\iiui,
Hd ddo] WEHo Eojrtx = A$ MY
AL 93 ¥ handling 7179 3}52 gl
SHA L, survey meterg} alarming dosimeter®]

s 34 A4A A5 RFAY,

@ A5A F4
A5H FH HAACZM applicator(tandem,
ovoid) @+ transfer tube(source guide tube),

accessory (dummy source, marker, dye)9 %
2 24, 24 TR 22 Ay & ol
a3 FH] ok,

2) ¥4 A5 A=Y
O 499 3=

g olFAY 4 AX HAFTE H7He)
Y3l AZE X-ray €L )88 film do-
simetry el Z2 TP H 7 channels posi-
tiond| A AHe FAI FHAel9 AgE A
(ruler) 2 &A% A|2t3Q Hyoz. ZHAAs 2
3} +1lmm 32 Vel tHFig. 6).

Source step viewer(length tester) %}
o] =229 function testE ©o|&& cath-
eterst AAAA BAlojr= Mol APF F
Aol 200~201 cm oliolH, EMLL 200
~203cm olWel ESj7} 1 Ho)g 22X
Smm °]3dE FAFY wd I 237}
SmmE HoYU® interlockel WA wA
afoF gtrt,
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Fig. 6. Film dosimetry image using source dwell
position check device.

Fig. 7. Film dosimetry image using source
curvature check device.

F& testerd AW Fo o] &HE fine tube
(catheter) & o}-&3 X93& ¥ F4& interlock
oA Mol A F=E FA3H 28
He 9439 AL 1 d97F 6 =8cmo 8 Y
et otH(Fig. 7).
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ANdolF&E ABL AAE stopwatchS ©]-L3}
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I A mgsted dels Alzke] 5&7t 4
7] Wz A9 o)F4&E+ 130em/5sec, &
26cm/secd] £ 2 yergoh

@ ALAF & x

AM-6 T2 2 polystyrene phantom&
o &3t FAHT AAZA(LE, Ao ud
ZNE-Y AFgEeA FHACZRE HAA7A
o A7t 8emz AAHH ZAAME B AvkE
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min°| A& ook g},

2 d¥dME Ztzt 187 33 A5l #HA
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9 18 AZE7AME 91 cGyem’ /min® & 1.5%,
292 102 cGyem”/min® 2 12%, 39E 107
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Table 3. Data of calculated dose & absorbed

dose. (unit : cGycm®/min)
probe No. a8t Adzd EHF% L A
ke

0 (bladder) 8cm 1062 106 0.2%
1 (rectum) 8.54cm 924 91 1.5%
2 8.14cm 1032 102 1.2%
3 8cm 1062 107 0.8%
4 8.14cm 1032 104 0.8%
5 8.54cm 9.24 9.2 0.4%

9 2AE YERo] BF 3899 +3% ol
ol Eoi7E FAFtH(Table 3).
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factor).
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